SUMMARY Blood 5-hydroxytryptamine levels were reduced during migraine attacks in patients who had not taken any drugs but the aggregation responses to 5-hydroxytryptamine of the blood platelets from these patients were similar to responses of platelets from migrainous subjects between attacks. This confirms earlier findings that a permanent difference exists in the behaviour of platelets from migrainous subjects. Blood 5-hydroxytryptamine levels were reduced during migraine attacks in patients who had taken ergotamine. The aggregation responses of platelets taken from migrainous patients on ergotamine both during and between attacks were inhibited, which is in agreement with results previously found for aggregation responses following the in vitro pre-incubation of control platelets with ergotamine. Blood 5-hydroxytryptamine levels were maintained during migraine attacks in patients who had taken analgesics and there was no reduction in the aggregation responses of their platelets.
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Blood was taken from migrainous patients during acute migraine headache for estimation of 5-hydroxytryptamine (5-HT) and platelet aggregation studies. Results obtained for patients who had not taken drugs were compared with those for patients who had taken ergotamine or analgesics.
Platelet aggregation responses to 5-HT depend on the availability of 5-HT uptake sites on the platelet membrane (Baumgartner and Born, 1968) . When the uptake site is empty, aggregation can occur but if the uptake site is already occupied by a 5-HT molecule, aggregation cannot take place. A difference has already been noted between the aggregation responses to 5-HT of platelets from migrainous patients without headache and those of normal control subjects . It was anticipated that a further difference might occur during migraine headache, since plasma 5-HT falls during a migraine attack (Curran, Hinterberger, and Lance, 1965) and in control subjects the platelet aggregation response to 5-HT is inversely proportional to the blood 5-HT content Platelet aggregation responses to 5-HT were measured as previously described ) using an EEL platelet aggregation meter linked to a Honeywell chart recorder, where aggregation without pre-incubation was expressed as the rate of aggregation (R cm/min) shown on the chart paper; after pre-incubation the rate of aggregation (R1 cm/min) was expressed relative to the response without pre-incubation as Ri/R. Values of R and R1 were corrected to a platelet count of 250,000 per mm3.
Aggregation was induced and pre-incubations performed using 5-HT (serotonin creatinine sulphate, B.D.H.) 5 x 10-mol in 0-1 cm3.
RESULTS
BLOOD 5-HYDROXYTRYPTAMINE The blood 5-HT levels for migrainous patients with acute headache, migrainous patients without headache and control subjects, can be seen in Table 1 . However, the headache group in this table does not distinguish between those patients who had and had not taken drugs. Mean 5-HT Number of (10-9 g/cm3 blood) Some patients with headache were on drugs (fuller details in Table 2 ) but neither of the other two groups had taken drugs. * See Hilton and Cumings (1971) .
When the blood 5-HT level of the headache group is subdivided according to the drugs taken by the patients, the mean 5-HT level of the 12 patients who had not taken drugs and the mean level of those patients on a large dose of ergotamine are significantly less than for the control group of normal subjects (Table 2) . However, there is no significant difference between the control group and those subjects on a small ergotamine dose but this latter mean is high due 
The number of subjects in each group is shown in parentheses. * See Hilton and Cumings (1971) .
to raised 5-HT levels of three individuals ( Figure) . The headache group who had taken analgesics had a raised mean 5-HT level.
There is no significant difference between the blood 5-HT level of a group of headache-free patients who had taken analgesics, compared with patients who had not taken drugs, as can be seen in Table 3 . However, patients without headache who had taken ergotamine had a lower mean 5-HT level.
Blood from headache patients who had not taken drugs was collected from 05 to 7 0 hours of the onset of the symptoms and within these time limits no apparent trend in 5-HT level with increasing time was seen (Figure) . Blood from patients who had taken analgesics was collected from two to 21 hours of the onset, ergotamine (small dose) two to 36 hours, and ergotamine (large dose) one to 20 hours and these showed no special relationship between 5-HT and headache. An average normal blood 5-HT level has been inserted on the Figure and this value (158 x 10-9 g was obtained previously for 142 control subjects (see Hilton and Cumings, 1971 ).
PLATELET AGGREGATION RESPONSES The aggregation responses without pre-incubation (R) of control subjects and migrainous patients with and without headache are not significantly different, as can be seen in Table 4 . After one minute's pre-incubation with 5-HT the responses of migrainous subjects with and without headache are not significantly different from each other but are different from the responses of control subjects at the levels P < 0-05 and P < 0 001, respectively. After ergotamine ingestion the responses were inhibited significantly (Table 5) , although this effect was less pronounced with the small ergotamine doses. 
The number of subjects in each group is shown in parentheses. * See Hilton and Cumings (1971 Analgesics, however, did not affect the 5-HT induced aggregation (Table 6) .
With reference to the patients on ergotamine, those on a small dose had, on average, previously had a headache 4 5 days before and eight of 17 patients did not usually take ergotamine, even for attacks. The patients on a large dose had previously had a headache 2 25 days before (average) and all 12 patients had last taken ergotamine within one to two days. The number of subjects in each group is shown in parentheses. * See Hilton and Cumings (1971) . 
DISCUSSION
Blood 5-HT levels fell during the migraine attack of headache (Table 2) in patients who had not taken drugs and most patients who had taken ergotamine, but remained normal in patients who had taken analgesics. It is generally agreed following the studies of Hardisty and Stacey (1955) that the platelets contain virtually all of the blood 5-HT; therefore from the experiments reported here it can be assumed that it was the platelet 5-HT that was responsible for the changes found, both in patients not on drugs and those on ergotamine.
The aggregation responses of the group not on drugs were similar to those for the headache-free patients and had not been modified by the fall in 5-HT or the reuptake of 5-HT into the platelet. These results support work already published and confirm that a permanent difference exists in the behaviour of platelets from migrainous subjects. Platelets from migraine sufferers more readily aggregate with 5-HT after one minute's pre-incubation with 5-HT, than do platelets from controls, which implies that platelet uptake sites less readily accept 5-HT, or retain it, than do those of control subjects.
In the migrainous patients both with and without headache ergotamine ingestion inhibited the aggregation response. The relief of migraine cannot be directly due to this because patients without headache and without drugs do not have a low response. Cumings and Hilton (1971) have shown that ergotamine pre-incubation of control platelets inhibited the subsequent aggregation response of the platelets to 5-HT and they have suggested that the action of ergotamine on platelet sites may be paralleled at neuronal and vascular sites, which may contribute to the relief of migraine. Michal (1969) considers that platelet 5-HT receptors resemble the D-receptors for 5-HT which are blocked by dibenzyline, dihydroergotamine, and LSD and are located on the smooth muscle of the intestine.
Lingjaerde (1970) has reported that ergotamine inhibits 5-HT uptake by human platelets in vitro by a non-competitive mechanism. However, he used concentrations of ergotamine which are too high to be physiological and no confirmation of his results was found by Cumings and Hilton 508 group.bmj.com on June 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from 5-Hydroxytryptamine levels and platelet aggregation responses in subjects with migraine (1971) . Nor is it likely that a drug which inhibits 5-HT uptake in vivo would ameliorate a migraine attack in which 5-HT levels fall.
Analgesics maintained the blood 5-HT level of patients with headache (Table 2) but did not affect the platelet aggregation responses to 5-HT. Aspirin, which is contained in many of the analgesics taken, is known to inhibit the release of 5-HT from the platelets of control subjects (Zucker and Peterson, 1968) and its usefulness in migraine may be due to this effect. The mechanism by which it inhibits 5-HT release cannot be due to its occupying 5-HT uptake sites, since the aggregation response is not affected. It may, however, be due to the inhibition of ADP release from platelets (Doery, Hirsh, and De Gruchy, 1969) which has been observed as the inhibition of the second stage of platelet aggregation after the addition of ADP (Zucker and Peterson, 1968) , adrenaline (O'Brien, 1968) and collagen (Ball, Brereton, Fulwood, Ireland, and Yates, 1970) or the effect may be due to a shift of adenine nucleotides from ADP and ATP (Davies, Hughes, and Tonks, 1969) , since the content of 5-HT in the platelets is proportional to the ATP present (Born, Ingram, and Stacey, 1957) . Badawy and Smith (1971) have recently shown that salicylate inhibits the action of rat liver tryptophan pyrrolase which would divert the metabolism of tryptophan from the kynurenine pathway to the 5-HT pathway. They have also suggested that salicylate can release tryptophan from its binding sites on circulating albumin (and other proteins) which would also tend to raise 5-HT levels.
